Study of the Intelligent Completion System for Liaohe Oil Field  by Huang, Zhiqiang et al.
Procedia Engineering 15 (2011) 739 – 746
1877-7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2011.08.138
Available online at www.sciencedirect.com
Available online at www.sciencedirect.com




Advanced in Control Engineering and Information Science 
Study of the Intelligent Completion System for  
Liaohe Oil Field 
Zhiqiang Huang∗a, Yurong Lia, Yinhua Penga, Zejun Shenb, Weiping Zhangb, Min Wanga
aSouthwest Petroleum University, Chengdu 610500, China 
bThe Petroleum Equipment Department of Research Institute of Petroleum Exploration & Development belongs to 
PetroChina,Beijing100083,China 
Abstract 
The intelligent well technology is one of the most important technologies with the capability of optimizing reservoir 
management, increasing recoverable reserve, enhancing oil recovery and speeding up the oil exploitation. In order to 
improve the reservoir development efficiency in our country, reduce water cut in oil well, expand reserve and 
improve the oil field development benefit, this paper studied the important four sections (the down-hole monitoring 
system, the data transmission system, the intelligent optimization system on the ground and the production control 
system), optimized the down-hole gauges and transmission facilities, developed an intelligent optimization system 
and an inflow control valve (ICV) system with self-owned intellectual property right, and then completed the first set 
of intelligent completion system(ICS) in China, thus realized a measurable, controllable and optimizable intelligent 
oil well exploitation.  
Preliminary experiments have shown the stability and reliability of the system, according to intelligent and 
advanced exploitation, the oil production of Lei632 oil well has been about 10.5% higher than before.  
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1. Introduction 
With the rapid development of the national economy, China’s demand for oil is growing fast. By 2010, 
China's oil consumption reached 0.439 billion tons, a rise of more than 82% since 2000, and the degree of 
foreign dependence on oil had reached 53.8%, which has endangered to the national energy security. To 
this end, many new techniques have been adopted to accelerate the speed of oil exploration and 
exploitation, to meet the rising energy demands. Intelligent well is just one of these technologies.
An intelligent well is a completion system with down-hole sensors and equipments of data 
transmission and production controlling, in order to collect data and make decisions on the ground. 
Comparing to conventional completion systems, intelligent well has the advantage of collecting, 
transmitting production data, controlling remotely to optimize the production and reconfiguring well 
structure without closing the well. To date, approximately 850–900 intelligent wells have been completed 
globally [1]. And practice has proved that the ultimate recovery ratio of the reservoir which has installed 
intelligent well systems has been improved on average by about 53%, making the recoverable reserves 
greatly increased. 
Intelligent well technologies were developed earlier in foreign countries. In August 1997, Saga 
Petroleum installed the first ICS in the world. So far, the main ICSs in foreign countries are the InCharge 
and InForce of Baker Oil Tools, Smart Well of Well Dynamics, Simply Intelligent of Weatherford, 
Reservoir monitoring and Control system of Schlumberger, and so on[2-4]. Combining fibre sensing 
technology, flow control system, permanent data acquisition and flow control together, these systems can 
provide multiple throttle nodes, and help operators regulate the reservoir inflow profile initiatively, in 
order to enhance  the oil recovery, optimize field performance and reduce the operating costs. 
People also have made some researches on technologies related to Intelligent well at home, such as 
permanent down-hole pressure and temperature testing technology in gas well, intelligent down-hole 
switch for water detection and plugging, and all sorts of high temperature and pressure resistant P/T 
gauges under well[5,6]. But these are not in-depth and comprehensive for a real intelligent well system. 
The down-hole data transmission system, the ICV and control technology are also not related, let alone 
the intelligent optimized exploitation system. All those technologies not studied at home are the most 
important ones of an intelligent well system. Therefore, this paper will focus the research on the first set 
of ICS with self-owned intellectual property right in China, in allusion to the condition of the Lei632 
Well in Liaohe Oil Field. This technology will fill in the vacancy of the domestic field, and will be of 
great realistic significance for the country's energy strategy. 
2. The study of the Lei632 intelligent well in Liaohe oil field   
2.1. Fundamental conditions of the Lei632 well 
The Lei632 well is a development well in Liaohe oil field in a low permeability reservoir with bottom 
water. It is 2,346 meters depth with two zones. The average temperature of the formation is 343K and 
pressure 20.3MPa. And the daily production is about 24m3/d. With the time increase, the water cut has 
risen to 70% -80%, which makes this well enter the high water-cut stage.  
2.2. The overall project design of the Lei632 ICS  
The Lei632 ICS includes four primary parts: 
y The down-hole monitoring system, mainly including the gauges permanently installed at bottom or 
internally distributed in well bore. 
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y The down-hole transmission system, including optical and electrical cables connecting the down-hole 
gauges and the ground.  
y The intelligent optimization system on the ground, including the computer and software for data 
storage and analysis. 
y The production controlling system, including packers, ICVs, ground-control stations and control lines. 
The overall project design of the Lei632 ICS is shown as in Fig.1. There are gauges and ICVs installed 
in each zone, the two zones are isolated by a packer which can be passed through by cables and hydraulic 
control lines.  
The operation principle of this ICS is shown as in Fig.2: the intelligent optimization system receives 
and analyzes the data (temperature, pressure and flow, etc) collected by the gauges, in order to determine 
the reasonable production of each zone by software. Then control command is given by the intelligent 
optimization system to the production control system, which can control the opening of the ICVs. All 
these steps will regulate the flow of each zone to make the reservoir supply oil rationally [7], and 
optimize controlling and producing. Finally, the water cut of this well will decrease and production 
increase.
Fig.1. Intelligent well system diagram                   Fig.2. Operation principle sketches of the intelligent well system 
2.3. The design of the down-hole monitoring system 
Down-hole monitoring system is used to obtain downhole information by sensors; it provides basic 
data for reservoir optimization. Under the conditions of high temperature and pressure in the downhole, to 
achieve real-time test, the sensors must have characteristics of durability and stability. 
Currently, electronic and fibre optic sensors are mainly adopted in ICS. As well as the first intelligent 
test well, the Lei632 well adopted electronic sensors and fiber optic sensors in both, because this method 
can not only save cost，but also provide practical experiences of electronic and fibre optic sensors used 
in intelligent wells, and it can serve as important guide to research and design sensor at home. In this well, 
fibre optic sensor is installed in the upper zone and electronic sensors in the lower zone for downhole 
temperature, pressure and flow testing. 
2.3.1 Temperature and pressure testing 
The purpose of monitoring pressure and temperature from the zones is to help the operators to analyze 
reservoir pressure and oil property, research characteristics of oil-gas, find out the variation laws of 
reservoir in different stage, and grasp the inflow performance of oil well. 
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y Optimization of sensors 
Generally, down hole sensors can simultaneously measure the temperature and pressure on real time. 
By comparing various downhole sensor products, two MPODTM2+ electronic sensors of Weatherford 
and one Hems-PT fibre optic sensor of Raylens Technology Co. Ltd were selected, to apply in the Lei632 
ICS. All the sensors chose are satisfied the condition required. 
y Installation and arrangement of sensors 
In the Lei632 ICS, two MPODTM2+ electronic sensors were installed in the lower zone to monitor 
temperature and pressure both in the annulus and in the tubing; the Hems-PT fibre optic sensor was 
installed in the upper zone to monitoring pressure and temperature in annular only. The installation 
diagram is shown in Fig. 3; the sensors were installed in carriers. The working principle diagram of 
sensors is shown in Fig. 4. 
                               
Fig.3. Installation diagram of the P/T gauges            Fig.4. Operation principle sketches of the P/T gauges 
2.3.2 Flow rate testing 
Through the test of downhole flow rate, oil production of each zone can be accurately judged. Thus we 
can compared real-time production with reasonable production, and then adjust the ICV opening to enable 
the reservoir to supply production in accordance with reasonable one.  
There are two main downhole flow rate test methods: one is to test the flow by flow sensor, and the 
other is to calculate flow by formulas with tested data such as pressure and temperature. Because of the 
instability of flow sensors and high price, we chose the second method to obtain flow rate in Lei632 ICS. 
2.4.  The design of the data transmission system  
The data transmission system connects the down-hole monitor system and the intelligent optimization 
system on the ground. In order to guarantee the accuracy, reliability and real-time of data transmission,   
this system must have the properties of security, reliability and high-speed transmission. Furthermore, due 
to the odious environment in the shaft, the property of high temperature resistance and high pressure 
resistance must be considered when being chosen.  
Because of the different kind of gauges installed in the two zones, the data tested by the electrical 
sensor in the lower zone is transmitted by an electrical cable, and the data tested by the fibre optical 
sensor in the upper zone is transmitted by a fibre cable. The cables in the Lei632 ICS can work in the 
environment of 0-293K and 0-40MPa. The cables are covered with armour layer to satisfy the request of 
underground conditions. 
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2.5. The design of the intelligent optimization system 
The intelligent optimization system is a key of the ICS. By recording and saving the real time data 
provided by instrumentation in the well bore, and analyzing these data such as temperature, pressure and 
flow rate, the reasonable production of the well is determined by this system combining with the actual 
conditions of the reservoir. Then this system will give commands to the surface control system to control 
the ICVs. Therefore, this system must have the ability of recording real time data, preserving the data fast 
and chronically, and analyzing the production information accurately, in order to provide a basis for 
decision-making in optimizing the exploitation.  
Considering the demands of the ICS, an intelligent optimization system has been developed; Fig.5 
shows the interface of the software. The functions of this system designed are introduced as follows:  
y Data recording and storage: this system can read out the temperature and pressure, calculate the flow 
rate in different zones, and record the data in real time. The data acquisition frequency can be set by 
operators as needed, and the highest frequency can be one time per second. 
y Statistic and analysis for data: the system can analyze the data, and draw tables, curves, diagrams, bar 
charts, etc. This function can provide data base for the reasonable production determination. 
y Real-time and historical data viewing: operators can view data in the database if they wanted, whether 
by month or day. The data can also be exported and printed if necessary.    
y Smart regulation of the valve opening: this module can monitor and compare the virtual opening of the 
ICVs with the reasonable one, then regulate it intelligently.  
                                 
Fig.5. The interface of the intelligent optimization system    
2.6. The design of the production control system 
2.6.1 The production control system functions 
The production control system is the execution component of ICS. By controlling ICVs, this system 
allows the operator to optimize the production of the well. So this system must be ensured that it can 
work reliability and accuracy. 
2.6.2 The system composition and working principle 
Production control system mainly consists of the parts as followed: 
y The packers: there are two main functions, one is to realize slicing production in multi-zone well, and 
the other is to allow cables and control lines pass through. 
y ICVs: ICV is the most direct flow control tool in downhole, it allows independent control of each zone 
in order to realize optimization. 
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y Control lines: the role of the control lines is to connect the ground control station and ICVs to achieve 
the transmission of power. 
y The ground control station: this part receives optimum decision from the intelligent optimization 
system, and then transforms optimum decision into signal to control ICVs’ opening. 
After receiving the command of reasonable production from the intelligent optimization system, the 
ground-control station then controls the ICVs’ opening to make the reservoir supply oil rationally. At the 
same time, this system will feed the state of the ICVs back to the ground, to realize a closed-loop control. 
2.6.3 The design of the ICVs  
In the design of this part, there are at least two design projects to choose:   
Project 1: one ICV controls the sliding sleeves in the two zones to control the flow; the ICV is installed 
above the two zones (shown as in Fig.6(a)).  
Project 2: each zone is controlled by an ICV installed on the perforated position of the tube (shown as 
in Fig.6(b)). 
Project 1 can be applied only in the wells with two zones, and the ICV is complex to design. The ICV 
of Project 2 is relatively simple to design; furthermore, this method is also able to be use in multiple zone 
wells, which will contribute to further research on the control of the production of multiple-zone well. So 
the Lei632 ICS adopted Project 2. 
          
Fig.6. (a) The scheme of project 1; (b) The scheme of project 2       
Usually, the ICV is control by two methods: electric drive and hydraulic drive. As the former needs 
electronic components which have many disadvantages such as poor reliability, short lifetime, the latter 
method was adopted in the Lei632 ICS. The two ICVs are controlled by three hydraulic pipelines, and 
one of the pipelines is branched under the ground (shown as in Fig.7).  
On the basis of condition of the Lei632 Well, an intelligent ICV is designed for the ICS. This ICV can 
provide six valve openings, and work in the environment of 0-50MPa and 0-423K, which makes this 
technology in the leading position of our nation. The hydraulic pipelines are made with 316L stainless 
steel welded pipe, so it can work in the environment of 67.6MPa and 0~423K. Both the ICVs and the 
pipelines can meet the requirements in the downhole.  
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 Fig.7. Installation diagram of the hydraulic control lines 
3. Field test 
The Lei632 ICS was successfully installed in Liaohe oil field in early 2011. Through debugging and 
practical application, the field tests indicated that this system is stable and reliable, and satisfied to 
operation demands, thus realized downhole testing, remote control and optimize the production process. 
Results of this well showed that so far cumulative oil production is about 10.5% higher than before. 
4.  Conclusions   
y According to the situation of the Lei632 Well, this paper presented a thorough study of the down-hole 
monitoring system, the data transmission system, the intelligent optimization system and the 
production control system, developed intelligent optimization system and ICV control system with 
self-owned intellectual property rights, and then completed the first set of ICS in China, thus realized a 
measurable, controllable and optimizable intelligent exploitation. Preliminary experiments have shown 
the stability and reliability of the system. According to intelligent and advanced exploitation, the oil 
production of Lei632 oil well has been about 10.5% higher than before. 
y Optical fiber and electrical gauges and transmission equipment have been optimized. Experiments 
show that, these devices can monitor and transmit the real-time data correctly and reliably, providing 
on-site experience for the application of electronic sensor and the optical fiber sensor in ICS.       
y The intelligent optimization system was developed with self-owned intellectual property rights. This 
system has realized the function of data recording, storage and analysis and optimized exploitation. 
This system is stable and reliable, friendly interface, convenient to operate.  
y The ICVs designed can be controlled accurately and reliability, ensuring the realization flow control in 
intelligent wells. 
Nomenclature 
ICS   intelligent completion system  
ICV   inflow control valve 
 P/T    pressure / temperature  
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